In mimetic gravity, we derive D-dimension charged black hole solutions having flat or cylindrical horizons with zero curvature boundary. The asymptotic behaviours of these black holes behave as (A)dS. We study both linear and nonlinear forms of the Maxwell field equations in two separate contexts. For the nonlinear case, we derive a new solution having a metric with monopole, dipole and quadrupole terms. The most interesting feature of this black hole is that its dipole and quadruple terms are related by a constant. However, the solution reduces to the linear case of the Maxwell field equations when this constant acquires a null value. Also, we apply a coordinate transformation and derive rotating black hole solutions (for both linear and nonlinear cases). We show that the nonlinear black hole has stronger curvature singularities than the corresponding known black hole solutions in general relativity. We show that the obtained solutions could have at most two horizons. We determine the critical mass of the degenerate horizon at which the two horizons coincide. We study the thermodynamical stability of the solutions. We note that the nonlinear electrodynamics contributes to process a second-order phase transition whereas the heat capacity has an infinite discontinuity.
I. INTRODUCTION
In the last few decades, several cosmological observations have confirmed that our universe is dominated by dark components: dark matter and dark energy [1] [2] [3] . The competition to criticize the origin and the nature of these ingredients either within observational or theoretical framework is going on equal footing. In the observational framework, it has been shown that about 26% of the energy content in our universe belongs to the sector of dark matter, however, about 69% specifies the dark energy. In the theoretical framework, modified gravity theories are the most appealing by invoking a geometrical origin to explain these ingredients [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Among modified gravity theories, we particularly mention two approaches that gain attention in literature, the curvature based f (R) gravity, c.f. [17] [18] [19] [20] [21] [22] and the torsion based f (T ) teleparallel gravity, c.f. [23] [24] [25] [26] [27] [28] [29] [30] (for recent reviews on modified theories of gravity and the issue of dark energy, see, for example [15, 16, 22, [31] [32] [33] [34] ). Another modified scenario that has been proposed recently is the mimetic gravity one [35] . Mimetic theory has many applications in cosmology [36, 37, [39] [40] [41] as well as in the solar system [42] [43] [44] [45] [46] , see also the recent review [47] .
Although this theory provides geometrical foundations to explain dark components as in modified gravity, it presents a distinguishable framework to deal with that problem. The construction of the mimetic theory can be derived from the general relativity theory by separating the conformal degree of freedom of the gravitational field via re-parameterizing the physical metric by an auxiliary metric with a mimetic field φ. The equations of motion in the mimetic theory are characterized by an extra term sourced by the mimetic field. The mimetic scalar field is generated by a singular limit of the general informal transformation which is not invertible [48] [49] [50] , and its kinetic term is provided to satisfy the kinematical constraint g µν ∂ µ φ ∂ ν φ = −1.
Using the above constraint, the equations of motion have shown to be traceless, where the scalar field mimics pressureless cold dark matter (CDM) just as in general relativity even for vacuum solution [47] . While generalizing the model by invoking potential functions, one can produce a unified cosmic history nothing to speak of bouncing cosmology [51] [52] [53] [54] . The mimetic gravity has shown to be invariant under Weyl transformation [55, 56] . On its perturbation level, the sound speed of the scalar fluctuations is exactly zero, c s = 0, so to obtain a successful inflation one may impose a higher-derivative term (✷φ) 2 to grant the scalar fluctuation a nonzero sound speed [57, 58] . This feature may have important impacts on large structure and galaxy formation specially for very small but not vanishing values of the sound speed. In particular, the higher-derivative term departs Recently one can find several variants of mimetic gravity: The mimetic f (R) gravity, where some quantum/string corrections can be taken into account by adding higher-order curvature invariants to the action of mimetic gravitation theory [51, 69] . Same technique has been applied to construct mimetic Gauss-Bonnet theories f (G) [70] , mimetic f (R, T ) [71] , mimetic f (R, φ) [58] , mimetic covariant Horava-like gravity [72, 73] , mimetic Galileon gravity [74, 75] , mimetic Horndeski gravity [76] , unimodular-mimetic f (R) gravity [52] , mimetic Born-Infeld gravity [77, 78] and non-local mimetic f (R) gravity [79] . Notably, the importance of higher-derivative invariants in the Lagrangian of the mimetic theory has been analyzed in [66, [80] [81] [82] [83] [84] [85] . There are many other amendments of the mimetic theory have been considered, for example by including the vector-tensor mimetic gravity [86] , bi-scalar mimetic models [87] , the one in which the implementation of the limiting curvature hypothesis is considered to solve the issues of the cosmological singularity [36, 37] and the braneworld mimetic gravity [88] . Also, the models where the mimetic field couples to matter non-minimally [89] and the currents of baryon number have been also discussed in [90] .
Modified gravity theories are usually tested via cosmological models and black hole physics. The aim of this work is to test mimetic gravity coupled to linear/nonlinear electrodynamics in the black hole physics domain. According to "no hair" theorem, the black hole is characterized by three conserved quantities: ADM mass, spin and charge. Static spherically symmetric spacetime is known as Schwarzschild black hole, rotating case is known as Kerr black hole, when static spherically symmetric black hole gains charges, it is called Reissner-Nordström (RN) and the rotating charged black hole is known as Kerr-Newmann (KN). The later type of black holes, interestingly, undergoes a phase transition associated with an infinite discontinuity of the black hole heat capacity [91] . In practice, mass and spin are tested and confirmed by observations. However, charged black holes are believed to be not existing in real scenarios. This is because that requires a rapid neutralization. On the other hand, it is interesting to investigate mechanisms of producing charged black holes. This has been examined even within classical framework, c.f [92] , others are to study the charge production mechanism by involving dark matter [93] [94] [95] . Charged black hole solutions have been examined in several theoretical aspects c.f. [96] [97] [98] [99] [100] . However, the mimetic gravity has been proven to be a good candidate to describe dark matter. In this sense, we find studying charged black hole solutions in mimetic gravity as in the present paper is a step for more investigation in this regard. In astrophysics domain, the effect of charge on the merge rate of binary black holes has been studied recently [101, 102] . In [101] , it has been shown that a fast radio burst (FRB) or a gamma-ray burst (GRB) can be explained, depending on the value of the black hole charge. It sets lower limits on the charge necessary to produce each phenomenon. It has been shown that, for a 10 M ⊙ black hole, the merger can produce a FRB, if the charge of one members of the black hole charge is more than ∼ 10 12 Coulombs. If its charge is more than ∼ 10 16 Coulombs, it can generate a GRB. Future joint gravitational waves (GW)/GRB/FRB searches, specially after LIGO discoveries GW150914, GW151226 and LVT151012, may set some constraints on charged black holes.
Asymptotically anti-de Sitter (AdS) black holes have been studied extensively after Hawking-Page paper [103] , in which they discussed a phase transition in the case of Schwarzschild-AdS black hole. Since then thermodynamics of more complicated AdS black holes have been investigated, a first order phase transition has been viewed in the case of Reissner-Nordström-anti de Sitter (RN-AdS) [104, 105] . Also, a second order phase transition has been realized in the case of KN-AdS [106] . In the mimetic f (R) gravitational theory the action is adjusted by making use of a Lagrangian multiplier and mimetic potential, then a vacuum solution of RN-AdS black hole has been derived under some restrictions distinguishing this mimetic f (R) variant from the f (R) gravity [53] . It is the aim of the present study to derive a novel class of solutions of charged black holes coupled with the linear and the nonlinear electrodynamics Maxwell field in the context of mimetic gravitational theory. We derive analytical charged black hole solutions in D-dimension, using the nonlinear electrodynamics. We show that the metric contains monopole, dipole and quadruple terms. Interestingly, the dipole and quadruple terms are strongly related to some constant so that these terms vanish when the constant has a nil value, and then the solution reduces to the linear Maxwell field solution.
The arrangement of this study is as follow: In Section II, a brief review of the mimetic gravitational theory is given. In Section III, a new black hole solution is derived. The solution behaves asymptotically as a flat spacetime. In Section IV, we apply a coordinate transformation to the obtained solution, then derive analytic D-dimension rotating charged solutions in the framework of mimetic theory. In Section V, we derive new D-dimension charged black hole solutions, using the nonlinear electrodynamics, which show that the metric has monopole, dipole and quadruple terms. In Section VI, we study the properties of the black hole solutions derived in Sections III and V by calculating the curvature invariants. This show that the black hole solutions in the nonlinear electrodynamics case have singularities stronger than those derived from the linear case. In Section VII, we study the thermodynamic properties of the solutions derived in Sections III and V. Final section, is devoted to summarize the present study.
II. PRELIMINARIES OF MIMETIC GRAVITATIONAL THEORY
In this section, we discuss the case when mimetic gravity is coupled to electrodynamics in presence of a cosmological constant. The original mimetic gravity variant was first constructed in the frame of the general relativity to investigate dark matter in cosmology [35] . The construction of the theory depends on redefining of the physical metric g µν [35] :
whereḡ αβ is the conformal auxiliary metric, φ is the mimetic scalar field andḡ αβ is the inverse ofḡ αβ . Using Eq. (2) one can show that GR theory is invariant under the conformal transformation, i.e.,ḡ αβ → ω(x µ )ḡ αβ with ω(x µ ) being an arbitrary function of the coordinates. Equation (2) shows that the mimetic field should satisfy Eq. (1). Now we consider the mimetic Maxwell theory in the presence of a cosmological constant Λ. Thence, the action of this field is given by
where
with a length scale λ of the dS spacetime, and L em = F ∧ ⋆ F is the Maxwell Lagrangian, with F = dV and V = V µ dx µ being the gauge potential 1-form [107, 108] . We denote the volume of (D − 1)-dimensional unit sphere by Ω D−1 , where
with Γ being the gamma function that depends on the dimension of the space-time 1 and g ≡ g(ḡ µν , φ) being the determinant of the physical metric defined by Eq. (2) .
Varying the action of Eq. (3) with respect to the physical metric, one can derive the following equations of motion of the gravitational field
where G µν is Einstein tensor, T µ ν is the energy-momentum tensor of the mimetic field and em T µ ν is the energy-momentum tensor of the electromagnetic field
Notably, the auxiliary metric does not appear explicitly in the field equations, but it implicitly does through the physical metric given in Eq. (1) and the mimetic field φ. The presence of the mimetic field in the field equations can be written as
R is the trace of Einstein tensor. Finally, the variation in term of the action (3) with respect to the vector potential V µ yields [107] 
It is worth to mention that the energy-momentum tensors, em T µν and T µν , are conserved, i.e. satisfy the continuity equations ∇ µ em T µν = 0 = ∇ µ T µν , where ∇ is the covariant derivative. Using the mimetic field constraint (1) and the energy-momentum tensor (7), the corresponding continuity reads
Alternatively, one finds that (1) is satisfied identically, when (9) is used. It is straightforward to show that the trace of Eq. (5) has the form
which is satisfied identically due to the mimetic field constraint, namely Eq. (1). In conclusion, we note that the conformal degree of freedom provides a dynamical quantity, i.e. (G 0), and therefore the mimetic theory has non-trivial solutions for the conformal mode even in the absence of matter [35] .
III. D-DIMENSION CHARGED BLACK HOLES IN MIMETIC GRAVITY
In this section, we present D-dimension solution of a charged black hole in mimetic gravity. So we suppose the spacetime configuration is given by the metric
where 0 ≤ r < ∞, −∞ < t < ∞, 0 ≤ θ ℓ < 2π and −∞ < z k < ∞. Here f (r) is unknown function of the radial coordinate r only. For the spacetime (11), we get the Ricci scalar
Then, the non-vanishing components of Eqs. (5) and (6) read the following set of field equations
with q(r), n(z (D−3) ) and s(r) being three unknown functions related to the electric and magnetic charges of the black hole. These are usually defined from the general form of the vector potential
Notably, for vanishing n(z (D−3) ) and s(r), one can generate D-dimension charged electric solutions in the mimetic gravitational theories. However, for non-vanishing q(r), n(z (D−3) ) and s(r), one expects rich physical properties to showup. We solve the field equations (13) as follows
where c i , i = 1 · · · 5 are constants. It is worth to mention that Eq. (15) is an exact solution of Maxwell-mimetic gravitational theory given by Eqs. (5) and (6) in addition to the trace which given by Eq. (7). As clear from the obtained solution (15) that the mimetic field φ(r) is a function of the radial coordinate r in the 4-dimensional spacetime case, while in the case D > 4 the mimetic field becomes constant. Plugging the solution (15) into the spacetime metric (11), we write
As clear the spacetime (16) is asymptotically (A)dS, also it is obvious that the magnetic fields related to n(z (D−3) ) and s(r) do not contribute to the metric.
IV. ROTATING BLACK STRING SOLUTIONS
In this section, we derive rotating solutions satisfying the field equations (5) and (6) of Maxwell-mimetic theory. In order to do so, we apply the coordinate transformations
where ω i , i ≥ 1 is the number of rotation parameters and Ξ is defined as
The rotation group in D-dimensions is so (D − 1) and the independent number of the rotation parameters for a localized object is equal to the number of Casimir operators, which is [(D − 1)/2], where [y] is the integer part of y. Applying the transformation (17) to the metric (16), we get
where f (r) is given by Eq. (15) . We note that the static configuration (16) can be recovered as a special case when the rotation parameters ω ℓ are made to vanish. Also, it is important to mention that the vanishing of the quantities c 1 and c 4 leads to an odd AdS spacetime. On the other hand, it is easy task to show that the limiting metric is a Minkowski spacetime, since all curvature components vanish identically. In general the coordinate transformation (17) is admitted only locally [109, 110] , since it relates time to periodic coordinate θ ℓ . On other words, the spacetimes (18) and (11) can be locally mapped into each other but not globally and thus they are different. This has been discussed in more detail in [111] , for similar coordinate transformation, it has been shown that if the first Betti number of a manifold has a non-vanishing value, then there are no global diffeomorphisms can connect the two spacetimes. Therefore, the manifold parameterized globally by the rotation parameters ω ℓ is different from the static spacetime. The solution (15) shows that the first Betti number is one, which characterizes the cylindrical or toroidal horizons.
V. NEW BLACK HOLES WITH NONLINEAR ELECTRODYNAMICS IN MIMETIC GRAVITY
In this section, we consider the mimetic theory with nonlinear electrodynamics in the presence of a cosmological constant. Therefore, we take the action
where L(F) is the Lagrangian of the nonlinear electrodynamics. Alternatively, we could reexpress L(F) in terms of Legendre transformation
It is useful to define the second-order tensor
where the linear Maxwell field is recovered by setting L F = 1. As clear from the above that Q is a function of P, where [112, 113 ]
Thus, we have
Varying the action of Eq. (19) with respect to the physical metric, one can write the gravitational field equations
and Maxwell field equations of the nonlinear electrodynamics [113] 
In the above, the energy-momentum tensor,
whose a non-vanishing trace. In addition, the mimetic field contributes in the field equations as
Similar to the linear case, the energy-momentum tensors,
(1) and (26), we write the continuity equation of the mimetic field
It is useful to give the trace of Eq. (23)
As clear, Eq. (28) is satisfied identically, if Eq. (1) is used. Since G 0 or NL T 0, the mimetic theory at hand has non-trivial solutions and the conformal degree of freedom, remarkably, provides a dynamical quantity [35] .
We apply the field equations (23) and (24) to the spacetime metric (11) , where the non-vanishing components are
In the above, Q(r) is an arbitrary function representing nonlinear electrodynamics, and ϕ(r) is an unknown function reproducing D-dimension electric charge in the vector potential where P = dV and V = V µ dx µ being the gauge potential 1-form which defined in the non-linear case as
The general solution of the system of differential equations (29) have the form
with f 1 (r) = r 2 − c 9 r,
where c i , i = 6 · · · 9 are constants. From the above solutions, we can conclude: In the solution (31) as clear from the Q(r) function that the 4-dimension nonlinear electrodynamics consists of monopole, dipole and quadrupole terms. Interestingly, the constant associated with the monopole is different from that appears with the dipole and quadrupole terms. In this case, one can get the form of the nonlinear electrodynamics by setting the constant c 7 = 0. On the other hand, the mimetic field φ(r) is constant in this case.
It is worth to mention that Eq. (31) is an exact solution to Maxwell-mimetic gravitational theory that is given by Eqs. (23) and (24) . Then, we write explicitly the line elements corresponding to the above solution as
One can easily recognize that the spacetime (32) is asymptotically (A)dS. Similar to what has been done in Sec. IV, we add angular momentum to the spacetime (32) by applying the transformation (17) . Therefore, the metric becomes
where f (r) is given by Eq. (31). We note that coupling gravity and nonlinear electrodynamics has been studied in gravitational theories other than mimetic gravity, c.f [114, 115] . In [115] , GR gravity is coupled to nonlinear electrodynamics to study thermodynamics of magnetically charged black holes. Also, in [114] , quadratic curvature gravity is coupled with nonlinear electrodynamics to obtain regular black hole solutions, in that work the perturbative solution has been derived up to first order, where the regularity of the obtained solution depends on two free parameters of the model. In both models, nonlinear electrodynamic contribution has been assumed to have a particular form to reduce to RN asymptotically, then the solutions have been adjusted to satisfy the field equations. This is in contrast to the model at hand, where the solutions, namely (31), have been obtained directly from the equations of motion without pre-assumptions of the nonlinear electrodynamics contribution.
VI. FEATURES OF THE BLACK HOLE SOLUTIONS
Now we are going to discuss some relevant features of the charged black hole solutions presented in previous sections for the linear and nonlinear cases.
Firstly, in the linear Maxwell field case, the metric of the charged black hole solution (16) takes the form
, c 1 = q and c 4 = m. The above equation shows clearly that the metric in the linear case is the Reissner-Nordström solution which behaves asymptotically as dS background. By taking the limit q → 0, we get the dS non-charged black holes. However, the horizons of the metric (34) are given by the real positive roots of Γ(r) = 0, where
, see [116] . For the model at hand, namely the spacetime metric (34) , taking x = r 2 , we find that the constraint Γ(x) = 0 gives two positive real roots in the 4-dimension case, one of the roots represents the black hole event (inner) horizon, r b and the other one represents a cosmological (outer) horizon, r c . Similarly, in the 5-dimension case, the constraint Γ(x) = 0 gives three positive roots, i.e. the solution has three horizons. In general, in the D-dimension case, the constraint Γ(x) = 0 gives (D − 2) horizons.
Secondly, in the the nonlinear Maxwell field case, the spacetime metrics of the charged black hole solutions (32) takes the form
where c 9 = −m, c 6 = −q 2 /2 and c 7 = −q 1 /2. Equation (35) shows clearly that the metric of the charged black hole in the nonlinear Maxwell case is different from RN black hole. This difference is due to the existence of the dipole and quadrupole terms that are related by the constant q 1 . However, in the case that q 1 = 0, the solution reduces to the RN case. It is of interest to note that all the charged terms appear in Eq. (35) are reproduced from the arbitrary function, Q(r), which characterizes the nonlinear electrodynamics. By taking the limit q 1 → 0, the solution goes to the (A)dS charged black hole of the linear case. Additionally, we investigate the number of horizons of the spacetime metric (35) . In the 4-dimension case, by taking x = r 3 , similar to the linear electrodynamics case, we find that the constraint Γ(x) = 0 has two positive real roots, one for the black hole even horizon, r b , and the other is for a cosmological horizon, r c . In the 5-dimension case, the constraint Γ(x) = 0 gives three positive roots and in the general D-dimension case, the constraint Γ(x) = 0 gives (D − 2) horizons.
Next we discuss some physical properties of the solutions (15) and (31) by investigating the singularity behaviours and the their stabilities.
A. Visualization of black holes' singularities
We investigate the physical singularities by calculating some the curvature invariants. In both cases, linear and nonlinear electrodynamics, see (15) and (31), it is clear that the function f (r) is irregular when f 1 (r) = 0. Therefore, it is worth to investigate the regularity of the solutions at f 1 (r) = 0. For the solutions (15), we evaluate the scalar invariants
where R µνλρ R µνλρ , R µν R µν , R are the Kretschmann scalars, the Ricci tensors square, the Ricci scalars, respectively, also L i (r) are some polynomial functions in the radial coordinate r. Equation (36) shows that the solutions, at r = 0, have true singularities.
For the solutions (31), we evaluate the invariants
As clear all invariants have true singularities at r = 0. Remarkably, at the limit r → 0, the behaviours of the Kretschmann scalars, the Ricci tensor square and the Ricci scalars of the nonlinear charged black hole solutions are given by . This shows clearly that the singularities in the nonlinear electrodynamics case is stronger than that are has been obtained in the linear Maxwell mimetic gravity case. Notably, one may check if geodesics are extendible beyond these regions. According to Tipler and Królak [117, 118] , this indicates the strength of the singularity. This topic will be discussed in forthcoming studies.
B. Energy conditions
Energy conditions provide important tools to examine and better understand cosmological models and/or strong gravitational fields. We are interested in the study of energy conditions in the nonlinear electrodynamics case, since the linear case is well known in the general relativity theory. As mentioned before, we focus on the nonlinear electrodynamics black hole solutions (31) . The Energy conditions are classified into four categories: The strong energy (SEC), the weak energy (WEC), the null energy (NEC) and the dominant energy conditions [119, 120] . To fulfill those, the inequalities below must be satisfied 
This shows that the SEC is the only condition that is not satisfied. Remarkably, the SEC breaking is due to the contribution of the charge q 1 which characterizes the nonlinear function Q(r). This shows clearly how the nonlinear contribution of the charge q 1 strengthens the singularity as discussed in the previous subsection. The SEC has a relatively clear geometrical interpretation which is the convergence of timelike geodesics which is manifestly related to the construction of singularities. We remind that the mimetic theory is stable if the density of the mimetic field is positive, which favors the solutions with de Sitter backgrounds in presence of a positive cosmological constant as in the work at hand [65] (see also [59] ). In conclusion, the validity of the WEC in-return guarantees the positivity of the energy density in agreement with stability condition we just mentioned.
VII. THERMODYNAMICAL STABILITY AND PHASE TRANSITION
Black hole thermodynamics is one of the most exciting topics in physics, since it subjugates the laws of thermodynamics to understand gravitational/quantum physics of black holes. Two main approaches have been proposed to extract thermodynamical quantities of black holes: The first approach was given by Gibbons and Hawking [121, 122] to study thermal properties of the Schwarzschild black hole solution using the Euclidean continuation. The second approach is to identify gravitational surface and then define temperature then study the stability of the black hole [123] [124] [125] . Here in this study, we follow the second approach to study the thermodynamics of the (A)dS black holes derived in Eq. (34) and (35) then discussed their stability. These black holes are portrayed by the mass, m, the charges (monopole, q, dipole and quadrupole, q 1 ) and also by the cosmological constant Λ.
One can calculate the horizons of the linear, Eq. (34), and the nonlinear, Eq. (35), electrodynamics cases by finding the roots of f (r) = 0. In 4-dimensional spacetime, these can be seen in Figs. 1(a) and 1(b) for particular values of the model parameters. The plots show the two roots of f (r) which determine the black hole r b and the cosmological r c horizons of the solutions at hand which in agreement with the results of Sec. VI, . We note that, in the linear case, for m > 0, q > 0 and Λ > 0, we find that these 
1/2 at which r b = r c , that is Nariai black hole. The thermodynamics of Nariai black hole has been studied in several works, c.f. [115, 126, 127] . Otherwise, when m < m min , there is no black hole. This can be shown in Fig. 2(a) , while Fig. 2(b) is showing the dependence of the degenerate horizon on the charge in the linear electrodynamics case. Similarly, the degenerate horizon can be determined in the nonlinear electrodynamics case. In 4-dimensional spacetime, the solutions which have two horizons similar to our model can be obtained for Schwarzschild-dS and Kerr-Schild class [128] [129] [130] , RN black holes surrounded with quintessence [131] , minimal model of a regular black hole [132] , and also in the case of Bardeen black holes which are spherically symmetric solution of the noncommutative geometry [115, 127, 133, 134] . In our calculations, we use positive values of the cosmological constant, since we are interested in the double horizons solutions. However, it is worth to mention that negative cosmological constant produces a pattern similar to the case of two vacuum scales spacetime which connects two de Sitter vacua at r → 0 and r → ∞. The later is characterized by at most three horizons [135, 136] . However, in our case we have exactly one horizon.
The black hole thermodynamical stability is related to the sign of its heat capacity C h . In the following, we analyze the thermal stability of the black hole solutions via the behaviour of their heat capacities [104, 137, 138] 
where E h is the energy. If the heat capacity C h > 0 (C h < 0), the black hole is thermodynamically stable (unstable), respectively. To a better understanding of this process, we assume that at some point and due to thermal fluctuations, the black hole absorbs more radiation than it emits, which means that its heat capacity is positive. This means that the mass of the black hole indefinitely increases. On the contrary, the black hole emits more radiation than it absorbs, which means the heat capacity is negative. This means that the black hole mass indefinitely decreases until it disappears completely. Thus, black holes with negative heat capacities are thermally unstable. In order to evaluate Eq. (40), it requires us to derive analytical formulae of m h ≡ m(r h ) and T h ≡ T (r h ). Firstly, we calculate the black hole mass within an even horizon r h . We set f (r h ) = 0, then we get m h Eq. (34) = r
The above equations show that the black hole total mass is given as a function of the horizon radius and the charge. One can also find the degenerate horizon by setting ∂m h /∂r h = 0, in 4 dimensions; this gives r dg = (q/ √ 6Λ) 1/2 as previously obtained. For fixed charge values in both linear and nonlinear charged black holes, we plot the horizon mass-radius relation as is depicted in Fig. 3(a) . As seen from this figure, the horizon mass-radius relation is characterized by
Also, one can find that there is a minimal mass at the degenerate horizon whereas the double horizons (event and cosmological) coincide. For larger masses, the double horizons are separated, while smaller masses do not show horizons. This confirms the results of Fig. 2(a) . In this sense, we find that the model at hand shares some features with the minimal model of a regular black hole [132] . However, as shown by Eq. (42), there is no minimal length of the black hole event horizon as in the minimal model scenario. The Hawking temperature of the black holes can be obtained by requiring the absence of singularity at the horizon in the Euclidean sector of the black hole solutions. Secondly, we obtain the associated temperature with the outer event horizon r = r h as [139] T = κ 2π , where κ is the surface gravity defined as
The Hawking temperatures associated with the black hole solutions (34) and (35) are
where T h is the Hawking temperature at the event horizon. For linear and nonlinear electrodynamics, in the 4-dimensional spacetime, we plot the horizon temperatures-radius relation in Fig. 3(b) for particular values the black hole parameters. The figure shows that the horizon temperature T h vanishes at the degenerate horizon r h = r dg . At r h < r dg , the horizon temperature goes below absolute zero forming an ultracold black hole. As noted earlier by Davies [91] that there is no obvious reasons from thermodynamics prevent a black hole temperature to go below absolute zero and turn it to naked singularity. In fact this is the case presented in Fig. 3 (b) at r h < r min region. However, this case of ultracold black hole is justified in the presence of phantom energy field [140] , and explains the decreasing mass pattern in Fig. 3(a) . Indeed, this case suits well with mimetic gravity theories whereas the SEC breaking indicate a phantom mimetic field. Also, it would be useful to examine some potential patterns in that case. At r h > r dg , the horizon temperature becomes positive. For values r h larger enough, the horizon temperatures of both linear and nonlinear charged black holes behave similarly. Including the gravitational effect of thermal radiation, one can show that at some very high temperature T max the radiation would become unstable and collapse to a black hole [103] . Hence, the pure AdS solution is only stable at temperatures T < T max . Above T max , only the heavy black holes would have stable configurations [103] . Next we evaluate the horizon heat capacity C h , therefore we substitute Eqs. (41) and (44) 
It is not easy to extract information directly from Eqs. (45), therefore we plot them in Fig. 3(c) for particular values of the black hole parameters. As we show on this figure, in both linear and nonlinear charged black holes, the horizon heat capacities vanish at the degenerate horizon r dg as well as their horizon temperatures. In the linear electrodynamics, the heat capacity has negative values for r h < r dg , but it has positive values for r h > r dg . In the nonlinear electrodynamics, the heat capacity is positive for all values of the horizon radius r h except for an intermediate region r c < r h < r dg , it is negative and characterized by a second-order phase transition at r c whereas the heat capacity has an infinite discontinuity.
In conclusion, in the linear charged black hole case, a typical pattern of the heat capacity has been obtained in literature c.f [141] . However, we find that the negative heat capacity region is associated with a positive temperature on the contrary to our case. In mimetic gravity with linear electrodynamics, the negative heat capacity region, i.e r h < r dg , is associated with a temperature below absolute zero. This can be justified in the presence of a phantom field as in our case whereas the SEC is not fulfilled, see Eqs. (39) . At r h = r dg , the temperature on the event horizon is exactly zero as well as the heat capacity as shown on Figs 3(b) and 3(c) . For the case r h > r dg , both temperature and heat capacity are positive and the solution is in a thermal equilibrium. Indeed, thermodynamics stability of the charged black hole in AdS spacetime has been widely studied in many theories, thermodynamics of Bardeen (regular) black holes c.f. [126] , Schwarzschild-AdS in two vacuum scales case [142] , and also similar work in the noncommutative geometry [114, [143] [144] [145] . Indeed, all these solutions are characterized by a second-order phase transition where the heat capacity has an infinite discontinuity similar to our case, while the heat capacity remains negative at r h > r dg . This is in contrast to our case, as clear from Fig. 3(c) , whereas the heat capacity crosses to positive regions as r h goes to larger values. This qualitative difference is due to the nonlinear electrodynamics contribution. As we have mentioned before, the nonlinear contribution of the model at hand is derived from the equations of motions in contrast to other models which pre-assume the form of the nonlinear terms to produce RN asymptotically.
VIII. SUMMARY AND PROSPECTIVES
Day after day dark matter is being confirmed by astrophysical and cosmological observations. Two main streams have been proposed to explain dark matter, modifications of Einstein's general relativity and modifications of the standard model by introducing new particle species. It has been shown that these two classes are not different after all [146] . In fact, every modified gravity model has new degrees of freedom besides the usual massless graviton. As we mentioned in the introduction that the mimetic gravity is a good candidate to explain CDM presence. This motivates us to explore the theory in astrophysics domain, by investigating possible new solutions of charged rotating black holes.
For this aim, we derive the field equations of Maxwell mimetic gravitational theory. We apply these field equations to Dmanifold with ℓ angular coordinates, k-dimension Euclidean metric and one unknown function f (r) of the radial coordinate. in addition, we use a generalized vector potential which includes three unknown functions, one of them is related to the electric charge and the other two functions are related to the magnetic field. In this context, we derive charged D-dimension black hole solutions that possess the mass and the electric charge of the black hole. These behave asymptotically as (A)dS. Then, we apply a coordinate transformation relating the angular coordinates and the temporal coordinate, which allows to derive D-dimension rotating charged black hole solutions.
Similarly, in the nonlinear electrodynamics coupled to mimetic gravity, we derive D-dimension charged black hole solutions. We apply the corresponding field equations which allow to obtain a new D-dimension charged black hole solutions. Interestingly, the new black holes show interesting physical properties, besides the monopole term the solutions contain nonlinear effects related to the dipole and quadrupole charges. The later terms are characterized by a common constant, so that its vanishing derives the solution to the linear case. We show that the asymptotic behaviours of this class of the black hole solutions behaves as (A)dS spacetime. Similar to the Maxwell electrodynamics case, we apply a coordinate transformation which allows to obtain new D-dimension rotating charged black hole solutions analytically.
Also, we calculate the invariants constructed from the curvature, namely Kretschmann invariants K, the Ricci tensors squared R µν R µν and the Ricci scalars R, to study possible singularities of the obtained solutions. This shows that they have a true singularities at r = 0. However, in the Maxwell mimetic gravity, the asymptotic behaviour of these invariants are K = R µν R µν ∼ r −4(D−2) and R ∼ r −2(D−2) . On the other hand, their asymptotic behaviours are K = R µν R µν ∼ r −6(D−2) and R ∼ r −3(D−2) . This indicates that the nonlinear electrodynamics mimetic gravity produces singularities stronger than the Maxwell electrodynamics case. In addition, we calculate the number of horizons, in the linear (nonlinear) case the solutions have D − 2 horizons. This again proves that the singularities of the black hole solutions in the nonlinear case are stronger than the linear case. Then, we investigate the fulfilment of the energy conditions in the context of the obtained solutions. We verified the fulfillment of the WEC which guarantees the positivity of the energy density. Supported by the preliminary studies [59, 65] , the obtained results are in favor of the absence of ghosts. However, we remind that the perturbation analysis of the present theory is a mandatory to fully investigate the ghost problem. Since here we focus on finding new solutions of charged black holes, we leave the perturbation analysis to be carried out separately elsewhere in the future.
Finally, for the linear and the nonlinear electrodynamics cases, we study the horizons showing that the solutions could have at most two horizons, a black hole event horizon r b and a cosmological one r c . We determine a minimum value of the black hole mass at which the two horizons coincide forming the degenerate horizon, above this minimum mass the black hole would have two horizons, below the minimum mass it there is no black hole. Also, we study thermodynamics and thermal phase transitions of the obtained black holes. In the linear electrodynamics case, the temperature drops below absolute zero when r h < r min forming an ultracold black hole, while the heat capacity is being negative at these regions and so it is unstable. Similar conclusions can be derived for the nonlinear electrodynamics case, however it is characterized by a second-order phase transition whereas the heat capacity has an infinite discontinuity.
